Background: The in-situ gel-forming polymeric formulations offer sustained and prolonged action in comparison to conventional drug delivery systems. Aim: To formulate and evaluate in situ vaginal gel of clotrimazole. Materials and methods: Poloxamer 407 (20%) was slowly added to freezing water (5°C) with constant stirring. The prepared dispersion was refrigerated for 5 h, the different concentrations of polymers were added for preliminary batches. Differential scanning calorimetry (DSC) and Fourier transform infrared spectroscopy (FTIR) were performed for clotrimazole-excipients compatibility study. The final batch was prepared and evaluated for physicochemical parameters, in vitro clotrimazole release, in vitro antifungal activity, and in vivo vaginal tissue irritation test.
Vaginal candidiasis is a vaginal mucositis opportunistic infection caused by species of the genus Candida in women, in the fertile period, and also the most frequent fungal disease of vaginal content. 1 Women around the world get diagnosed with vaginal candidiasis. It is estimated that 75% of women during the fertile period have at least one episode of vaginal candidiasis. Approximately 40-50% of women have repeated infection. Less than 5% of the adult female population receives repeated, frequent attacks of recurrent vulvovaginal candidiasis. Point-prevalence studies indicate that Candida species may be isolated from the genital tract of approximately 20% (the range 10-50%) of asymptomatic, healthy women in the child-bearing age. Twenty to forty percent of women who are cultured positive for Candida species in the vaginal area are asymptomatic carriers.
The natural history of asymptomatic colonization is unknown, although limited human studies suggest that vaginal carriage may continue for several months and perhaps years. The increased secretion of reproductive hormones during pregnancy favors the formation of infection. The elevated levels of estrogen provide an increased amount of glycogen in the vagina, furthermore providing a reliable source of carbon required for Candida growth and their germination. These hormones accelerate the formation of yeast pseudohyphae. Vaginal candidiasis is rare in postmenopausal women, due to the hormonal dependence of vaginal candidiasis. There is a balance between Candida, normal bacterial flora, and immune defense mechanisms. When this balance is disturbed, colonization is replaced by infection. It is not concretely evident as to what exactly leads to disruption of the balance and origin of infec-tion. Vaginal candidiasis occurs when there is an increase in the virulence of Candida, and because of the reduction in local defense mechanisms. Vagina has the normal pH range (pH 4.0-4.7), as opposed to mixed infections (bacterial, trichomonas), where pH rises to levels greater than 4.7. The clinical symptoms of vaginal candidiasis are nonspecific, and a broad variety of infectious and noninfectious diseases can cause similar symptoms. Women with vaginal candidiasis do not notice any change in their vaginal secretions. Vulvovaginal itching, irritation, soreness, burning, or dyspareunia are more common symptoms of vaginal candidiasis. Occasionally, vaginal candidiasis causes external dysuria. On vulvar examination, patients may exhibit redness, swelling, fissures, or excoriations, and vaginal signs of erythema or a thick curdy discharge may be seen. 2 The in-situ gel-forming polymeric formulations offer several advantages like sustained and prolonged action in comparison to conventional drug delivery systems. It is drug delivery systems that are in sol form before administration in the body, but once administered, undergo gelation in situ, to form a gel. The formation of gels depends on factors like temperature modulation, pH change, the presence of ions and ultraviolet irradiation, electrical sensitivity, enzyme sensitive from which the drug gets released in a sustained and controlled manner. In situ gels are presently under investigation as a delivery system for bioactive molecules, because of their similar physical properties as that of living tissue, which is due to their high water content, soft and rubbery consistency, and low interfacial tension with water or biological fluids. 3 From a manufacturing point of view, the production of such devices is less complex and thus lowers the investment and manufacturing cost. The primary requirement of a successful controlled release product focuses on increasing patient compliance, good stability and biocompatibility characteristics make the in-situ gel dosage forms very reliable. Use of biodegradable and water-soluble polymers for the in situ gel formulations can make them more acceptable and excellent drug delivery systems. 3 Clotrimazole is chemically C 22 H 17 CN 2 , antifungal agents. IUPAC (the International Union of Pure and Applied Chemistry) Name is 1-[(2-chlorophenyl) diphenylmethyl]-1H-imidazole. It has a molecular weight of 344.837 g/mol, 14-34% oral bioavailability, metabolized via the liver, excreted in the urine and faeces, BCS Class II, water solubility 0.49 µG/mL, Pka (strongest basic) 6.62, volume of distribution 1.1 L/kg in mice and 0.7 L/kg in humans, half-life 2 h, log p 6.1, protein binding 90%. It interacts with 14-α demethylase, a cytochrome P-450 enzyme that converts lanosterol to ergosterol, an essential component of the yeast membrane. It may also inhibit endogenous respiration, interact with membrane phospholipids, inhibit the transformation of yeasts to mycelial forms and the uptake of purine, impair triglyceride and phospholipid biosynthesis. It also inhibits the movement of calcium and potassium ions across the cell membrane by blocking the ion transport pathway known as the Gardos channel. 4 
AIM
The aim of the present study was to investigate the feasibility of developing and characterization of pH and temperature dependent in situ vaginal gel of clotrimazole.
MATERIALS AND METHODS

Drug and reagents
Clotrimazole was purchased from Chethana pharmaceuticals, Kerala, India. Poloxamer-407 was purchased from Sigma-Aldrich Chemie USA. Chitosan, HPMC (Hydroxypropyl methylcellulose)-K-100M, HPMC-E-50, acetic acid, methanol, hematoxylin, diethyl ether, and eosin were purchased from Astron Chemicals, Ahmedabad, India. Glycerol and formalin were purchased from Acme Chemicals, Mumbai, India. Candida albicans (ATCC 10231) was occupied from the school of science, RK University, India.
Preliminary study
Solutions (100 µG/mL) of clotrimazole in methanol and in methanolate phosphate buffer (pH 5.4) were scanned in UV (LT-2900, Double Beam UV visible Spectrophotometer, Labtronics (I) Pvt. Ltd., Ambala, India) between 200 and 400 nm range. Phosphate Buffer pH 5.4 was prepared by dissolving 40 g of sodium dihydrogen phosphate and 8.0 g of sodium hydroxide in sufficient water to produce 1000 mL. The pH was adjusted to 5.4 with 1 M H 2 SO 4 or 1 M NaOH (sodium hydroxide).
A weighed quantity of clotrimazole (20 mg) was placed in 250 mL of the standard volumetric flask (Borosil ® ) and made up the volume with phosphate buffer pH 5.4. The stock solution obtained was 100 µG/mL solution. Aliquots of 2, 4, 6, 8, 10, 20, and 30 mL of stock solution were pipetted into 100 mL standard volumetric flasks (Borosil ® ) and final volume was adjusted up to 100 mL with phosphate buffer (pH 5.4) to give the concentration of 2, 4, 6, 8, 10, 20, and 30 µG/mL. The absorbances were measured at wavelength maximum in UV spectrophotometer against reagent blank phosphate buffer pH 5.4. 5 Method for preparation of temperature-dependent in situ vaginal gel In the present work, the in situ gel was prepared on a weight basis using the cold method. An amount of Pluronic F-127 (Poloxamer 407) sufficient to yield 20% gel was slowly added to freezing water (5°C) with constant stirring. The prepared dispersion was refrigerated until a clear solution was formed (for 5 h). To control the release of drug from the gel, the different concentration of sustained release polymers like HPMC E-50, and HPMC K-100M were added to the Pluronic gel. Chitosan was dissolved in 1% acetic acid then add glycerol in solution and this solution was mixed with the pluronic gel. The concentration of clotrimazole (10 mg/mL) was kept constant in all the batches. 6 A preliminary trial batch of in situ vaginal gel From the results of preliminary screening for optimization of Poloxamer 407 amount in situ gel formulation, it was found that 20% Poloxamer 407 was giving in situ gelling characteristics near to desirable property of in situ gel. Therefore, 20% Poloxamer was fixed and other variables were changed for further study. Preliminary trial batches were prepared by trial and error method.
Compatibility study Differential Scanning Calorimetry (DSC)
Sample containing clotrimazole and mixture of clotrimazole with different polymers in equal proportion were mixed geometrically and analyzed for DSC study (DCS 60, TA-60WS, and Shimadzu, Japan) at a heating rate of 5°C/min. 5 Fourier transform infrared spectroscopy (FTIR) Clotrimazole-excipients interactions play a vital role in the release of it from the formulation. FTIR was used to study the physical and chemical interactions between clotrimazole and the excipients used. The sample consisted of clotrimazole and physical mixture of in situ gel components was analyzed by FTIR spectroscopy. FTIR spectra were obtained on Shimadzu FTIR-8400 spectrophotometer, Japan using the KBr disk method (2 mg sample in 200 mg KBr). The scanning range was in between 400-4000 cm -1 and the resolution was 1 l/(cm). 5 The composition of final batch In the final batch, the estimated dose of the clotrimazole was added in methanol. These clotrimazole solutions directly added to the solution of 20% poloxamer at a cool temperature. The constant stirring was maintained. The prepared dispersion was refrigerated until a clear solution was formed (5 h).
Characterization of formulation
Visual Appearance
The appearance was checked visually. The appearance of the formulations before and after gelling was determined by visual examination of the formulations against white and black backgrounds. 7 Texture analysis The consistency, firmness, and cohesiveness of in situ gel were assessed by manual checking which mainly indicated gel strength and easiness in administration, in vivo higher value of adhesiveness of gel was needed to maintain an intimate contact with the mucous surface. 7 
Syringeability
The syringeability of clotrimazole in situ gel was carried out by using a 1 mL plastic syringe fitted with a 22-gauge needle (Dispovan, India). A specified amount of formulation stored at 4°C (which was preserved it as sol) was filled in the syringe and gentle force was applied by pressing the injector part of the syringe. The ease of ejection was assessed qualitatively. 8 
Surface pH measurement
The pH of the thermo-reversible vaginal gel of clotrimazole was determined by a digital pH meter (Labtronics, India). The formulation was taken in a beaker and pH was checked using pH meter. 9 Gelling temperature The sol-gel transition temperature of the vaginal sol was determined using test tube investing method. 5 mL of sol transferred to test tubes, immersed in a thermostat controlled electric water bath (Today tech Scientific solution, Ambala Cant, India) at an initial temperature of 4°C, and sealed with aluminum foil (Krishna Scientific, India). The temperature of the water bath was increased in increments of 0.5°C and the sol was left to equilibrate for 1 min at each new setting. The sample was then examined for gelation, which was said to have occurred when the meniscus would no longer move upon tilting at 90° angles. The gelling temperature was recorded. 9 Folia Medica I 2019 I Vol. 61 I No. 2 The gelling time To find out the gelling time of 5 mL of the sol was taken in a test tube and placed in a water bath maintained at 37°C and the time is taken to gel was recorded. 9 
Rheology
The viscosity of vaginal gel formulation was a crucial factor in determining the residence time of clotrimazole in the vaginal cavity. The viscosity of vaginal sol was determined using a programmable viscometer (DV III ULTRA and LV, Brookfield Engineering Laboratory Inc, USA) and T-bar spindle (S-64). There were 30 g of sol filled in a 50 mL beaker and the spindle was lowered perpendicularly taking care that the spindle did not touch the bottom of the beaker. The spindle was rotated at a speed of 20 rpm to generate torque greater than 10% and the viscosity readings were recorded after 60 s. Viscosity parameters were collected at different rpm with 1-min equilibration time at every rpm. The samples were applied to the lower plate using a spatula (Krishna Scientific, India) to ensure that formulation shearing did not occur. To test the effect of temperature, the measurements were made at 25°C and 37°C. 8 Percentage clotrimazole content Formulations were tested for percentage clotrimazole content. Bottles containing the formulation were properly shaken for 2-3 min. 1 mL of the formulation was transferred into a 100 mL volumetric flask. Fifty mL of simulated vaginal fluid (pH 5.4±0.02) was added. The formed gel was completely crushed with the help of a glass rod, followed by vigorous shaking until the formed gel got completely dispersed to give a clear solution. The volume was adjusted to 100 mL with simulated vaginal fluid. 2 mL solution was taken and diluted to 10 mL with simulated vaginal fluid. The solution was filtered through an 11-µm filter membrane (Angle Marketing, India) and the clotrimazole concentration was determined with a UV-visible spectrophotometer at 260 nm. 9 In vitro clotrimazole release studies The dissolution studies were performed using a modified dialysis tube (Nepro India) method. In this study, Cellophane paper (Angle Marketing, India) was used as a membrane. Before dissolution Cellophane paper was soaked with dilute NaOH for 30 min. After that this soaked Cellophane paper was attached to the open part of the test tube and another part was cut off. Typically, 1 g of Pluronic gel was placed in a dialysis tube. The test tube was then placed in a vessel containing 100 mL of phosphate buffer pH 5.4, maintained at 37.5°C, and stirred at 30 rpm (with magnetic beads, Remi equipment, India). The aliquots were collected periodically after 1-h interval up to 10 h and replaced with fresh dissolution medium. After filtration through Whatman filter paper # 41 (Angle Marketing, India), the concentration of clotrimazole was determined spectrophotometrically at 260 nm respectively. 6 In vitro antifungal activity The test was carried out by the disc diffusion method. Candida albicans (ATCC 10231) was used as reference microorganism in present work. The marketed vaginal gel of clotrimazole, clotrimazole pure drug, and the optimized formulation was poured into sterile nutrient agar previously seeded with Candida albicans. After allowing diffusion of the solutions for 2 h, the agar plates were incubated at 37±0.5°C for 24 h. The zone of inhibitions was measured. The entire operation except the incubation was carried out in a laminar flow unit. 6 Gel persistent capacity (GPC) and spreadability GPC was determined by placing a drop off prepared formulation in a vial containing 2 mL of simulated vaginal fluid and observed till it completely erodes. The spreadability was determined by using two transparent scales. About 20 g was added on the upper scale and the time was noted for upper slide (movable) to separate completely from the fixed slides. 5 
Bioadhesion measurement
The method was based on the measurements of the tensile strength or shear stress required to break the adhesive bond between the model membrane and the test formulation. The test formulation was placed in 1 cm 2 area as a sandwiched between two slide membranes and fixed on the flexible support in the assemblies for 10 sec. after adhesive bond was formed, the weight required to separate slide from sandwiched between two slides is noted and calculated in dyne/cm 2 (1 dyne/cm 2 = 0.00101972 g/cm 2 ) as bioadhesive force. 5 
Vaginal irritation test
The study had been approved by the School of Pharmacy, RK University animal ethics committee, Rajkot, India. The study adhered to the ARRIVE guidelines for reporting animal research 10 and the law of India. Total 18 female rats were randomized for the study. Rats of the negative control group received water injection 1 mL (n = 6), the positive control group received 1 g of Candid-V gel (n = 6), and treatment group received 1 g of the optimized gel formulation (n = 6). Formulations were applied by a blunt applicator (20 gauges, Dispovan ® , India) once daily for two weeks. After two weeks, rats were anesthetized (diethyl ether anesthesia) and vaginal tissues were collected and fixed in formalin, then stained with hematoxylin and eosin stain. The tissue was observed under microscope (Olympus India) and graded as 0: no irritation, 1: minimum irritation, 2: mild irritation, 3: moderate irritation, 4: severe irritation. 11 Statistical Analysis Data were presented as mean±SD of five individual experiments. One-way ANOVA following Dunnett Multiple Comparisons Test were performed for in vitro antifungal activity (considering critical value [q] > 2.5 as significant) and grading of histopathology (considering q > 3.651 as significant). Results were considered significant at 95% of confidence level. InStat, GraphPad, USA was used for statistical analysis.
RESULTS
Clotrimazole shows maximum absorbance at 260 nm.
Formulation A1 and A2 gel had poor gel strength, showed complete diffusion within little duration of time, more gelling time, and soft with less viscosity. Formulation A4, A5, A6, A7, A10, A11, A12, A13, A16, A17, and A18 had poor gel strength, showed more diffusion, less viscosity, very soft, and low adhesion (thumb tack test). Formulation A25, A26, A27, A28, A29, and A30 were more viscous gel formulation, difficult to handle and store, and poor drinkability. A13 and A22 batches possessed a medium viscosity, medium diffusion, and less adhesion. A3, A8, A9, A14, A15, A19, A20, A21, A23, and A24 gel had good gel strength, near to desirable viscosity in situ gelling system and in gelling system, and good gel bioadhesive (thumb tack) (in situ gelling system may provide sustained release and bioadhesive action, looks like near to expected formulation ( Table 1) .
The DSC thermogram of the physical mixture of clotrimazole with polymers was exhibited the sharp endothermic peaks at 145.56°C and sharp a single peak of the Poloxamer-407 at 54.39°C and clotrimazole 144.20°C only and no peak of other polymers could be traced in thermogram (Fig.  1) . FTIR spectroscopy of the physical mixture of clotrimazole with polymers showed the bands at 3170 cm -1 (for C-H aromatic stretch of clotrimazole), 1590 cm -1 and 1490 cm -1 (for benzene ring stretching of clotrimazole), and 740 cm -1 (for C-H stretching of clotrimazole) (Fig. 2) .
The compositions of the final batch of in situ vaginal gel formulation of clotrimazole are shown in Table 2 . All batches were syringeable at cold temperature, had transparent clear solution appearance, smooth texture, and showed % clotrimazole content in between 95.50±0.20-99.60±0.26% ( Table  3) . Table 4 shows in vitro clotrimazole release of formulation F1 to F10. Kinetic analysis of the release data of clotrimazole from gel formulations is shown in Table 5 . The zone of inhibitions for clotrimazole pure drug, the marketed vaginal gel of clotrimazole, and optimized gel formulation were 9.15±0.75 mm, 14.35±1.12 mm, and 18.85±1.56 mm, respectively (p < 0.0001, q = 5.98) (Fig. 3) .
Candid-V gel (0.71±0.095 vs 0.85±0.1, p =0.032, q = 3.546) and optimized gel formulation (0.71±0.095 vs 0.91±0.2, p = 0.051, q = 3.522) were not irritant to vaginal tissue (Fig. 4) . DISCUSSION The standard curve of clotrimazole had shown λmax value at 260 nm. Clotrimazole shows λmax value at 260 nm in the literature. 4 A representative standard calibration curve was found to be linear in the range of 2-30 µG/mL at λmax 260 nm.
Primary trial batch (A1-A30) was formulated by using polymer concentration of (0.2% to 20.0%) of all polymers. Gelation occurred in the case of all trial batch formulation, but gelling capacity was very less with HPMC E-50 polymer in most of the formulation. As the concentration of all 3 polymers (chitosan, HPMC E-50, and HPMC K-100M) increase from (0.2%) to (2.0%) the viscosity of all formulation increases which increases the residence time of gel in vagina up to 8 to 10 h. Viscosities of HPMC and chitosan gels are directly proportional to their concentration. 12 In respect to results of primary trial batches, it was found that polymer concentration below (0.2%) did not give effective gel formation and above (2.0%) formed a more viscous solution form.
DSC and FTIR had suggested clotrimazole with polymers had no chemical interaction 13 and suggesting compatibility of the clotrimazole with excipients.
The appearance of all the formulations was found Folia Medica I 2019 I Vol. 61 I No. 2 to be the transparent clear solution. The texture of the formulations after gelling was determined by manual checking. The texture of all formulations was found to be smooth and it did not show any kind of grittiness. Results revealed that all the formulations from F1 to F10 were syringeable at cold temperature. 14 The pH of the formulations was found to be satisfactory in the range of 4.55-4.76. Any formulation with more than 4.8 pH may cause vaginal irritation. 15 The prepared formulation did not cause any irritation in the vaginal cavity.
The results showed all developed formulations F1 to F10 were found to have the gelation temperature in the range of 27-35°C. The gelling temperature was at least in the case of formulation F2 and highest in the case of formulation F10. Gelation temperature of the gel decrease with increasing the concentration of the mucoadhesive polymers. However, the nature of the gel formed depends upon the concentration of the mucoadhesive polymers used. 16 All the formulation shows the satisfactory gelling temperature at which gel formed which lasted for an extended period.
All the developed formulations had gelling time in a range of 28 to 34 sec. It was concluded that increasing the concentration of mucoadhesive polymers, gelling temperature decreases, due to this gelling time also decreases.
Viscosity was varied with the concentration of polymer. As the concentration of polymer increases, viscosity increases proportionally. There was 20% gel offers a good syringe ability and optimum viscosity characteristics. Therefore, 20% gel was selected for this study. Viscosity primarily affects the release of clotrimazole from the gel, as viscosity increases the clotrimazole release decreased from the gel. 17 It was seen that as the concentration of mucoadhesive polymer increases, viscosity increases proportionally. The pluronic gel showed the thermoreversible property. The Pluronic gel at cold temperature converts into liquid form. As the temperature of the system increases the liquid form converts into the gel at room temperature. Thus, Pluronic gel showed the temperature dependent thixotropic behavior. This sol-gel transition characteristic plays a key role in the development of in situ gel formulations. The viscosities of all the developed gel formulations were in the range 16.4 to 182.6 cp for solution form and 10,500 to 20,756 cp for gel form respectively.
The clotrimazole content ensured delivery of clotrimazole to the site after administration of the gel formulation.
The prepared in situ gel was intended for place- Data were presented as mean ± SD; n = 3 The release studies were performed using a dialysis membrane. On addition of various mucoadhesive polymers like Chitosan, HPMC K-100, and HPMC-E50, the release decreases to an extent level. F1 to F10 batches release clotrimazole completely within 8 to 10 h. Based on control release characteristics, F2, F4, F6, and F8 batches were selected for further study. From the R 2 value, it was concluded that F8 batch released clotrimazole at first order rate. There was n value found to be 0.403. It indicated that the F8 batch gave release of clotrimazole by a Fickian diffusion mechanism.
Antibiotic assay of clotrimazole gel was performed by disc diffusion method on Candida albicans. Clotrimazole specifically acts on gram-negative anaerobic, facultative bacteria which are responsible for the vaginal disease. 18 The optimized batch of gel formulation had a significant higher zone of inhibition than marketed formulation (Candid-V Gel 2% Clotrimazole cream). The local drug delivery system in the present study was simple and easy to use. Its syringe ability allows easy insertion of gel formulation into the vagina. The developed formulation can release the clotrimazole at a controlled rate for a prolonged duration. The results indicate that these targeted devices for the treatment of vaginal diseases show significant advantages over the conventional therapy.
Although the study was quite innovative and addressed a critical drug delivery related issues or mechanistic, it has some limitations, for example, lack of in vivo efficacy data in a suitable model.
CONCLUSIONS
The finding was concluded that it was possible to formulate clotrimazole in situ vaginal gel which can be targeted in treating vaginal diseases and reduce dosing frequency, increase the bioavailability, better patient compliance with acceptable adverse effects
